Curriculum

Symbolic Computer Systems

As calculators have surpassed hu-
man capacity for arithmetic cal-
culations, so now are symbolic
computer packages overtaking
human ability to carry out the
calculations of calculus. Until re-
cently, computers could only op-
erate numerically (with rounded
numbers) and graphically (with
visual approximations). But now
they can operate symbolically just
as people do, solving equations in
terms of x and y just as we teach
students in school mathematics.
Symbolic computer systems com-
pel fundamental rethinking of
what we teach and how we teach
it.

essary foundations for computer, engineering, and social sci-
ences, calculus remains the archetype of higher mathematics.
It is a powerful and elegant example of the mathematical
method, leading both to major applications and to major
theories. The language of calculus has spread to all scientific
fields; the insight it conveys about the nature of change is
something that no educated person can afford to be without.
Unfortunately, calculus as presently taught has little in
common with the way calculus is used. Many students who
enroll never complete the course; many of those who do fin-
ish learn little beyond a series of memorized techniques now
more commonly performed by computers. Because of the
central importance of calculus for all scientific study and
research, the National Science Foundation has launched an
initiative to improve instruction in calculus, which is now
studied by nearly one million students every year.

uccessful calculus is essential to healthy
mathematics and science.

The quality of calculus instruction is a barometer of math-
ematics education. Since preparation for calculus has been
the organizing principle of high school mathematics, calcu-
lus receives the inheritance of school practice. Changes in
calculus reverberate throughout secondary school curricula,
just as changes in school mathematics are magnified by the
challenge of calculus. Although other courses need improv-
ing as much as calculus, and although many courses are as
important or as practical, the unique position of calculus as
the gateway from school to college mathematics imposes on
it a special burden to be attractive, compelling, and intellec-
tually stimulating.

For the past two decades, enrollments in mathematics ser-
vice courses in colleges and universities have been rising,
yet throughout most of that period the number of math-
ematics majors has been declining. Part of this paradox is
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